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DRAG  AND  STABILITY  DATA  OBTAINED  FROM  FREE- FLIGHT 
HYPERSONIC  FIRINGS  OF  BOTH  SHARP  AND  BLUNT  NOSED  12-DEGREE 
40-MINUTE  TOTAL-ANGLE  CONES  AT  SEVERAL  RANGE  PRESSURES 


Prepared  by: 
Leonard  E.  Crogan 


ABSTRACT:  Drag  and  stability  data  obtained  from  hypersonic 

firings  of  both  pointed  and  blunt  nosed  12-degree  40-minute 
total-angle  cones  at  several  range  pressures  are  tabulated. 
The  drag  coefficient  of  both  cones  decreased  with  an  increase 
in  the  Reynolds  number.  No  effect  of  Reynolds  number  on  the 
center  of  pressure  of  either  cone  configuration  was  observed. 
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DRAG  AND  STABILITY  DATA  OBTAINED  FROM  FREE-FLIGHT  HYPERSONIC 
FIRINGS  OF  BOTH  SHARP  AND  BLUNT  NOSED  12- DEGREE  40-MINUTE 
TOTAL-ANGLE  CONES  AT  SEVERAL  RANGE  PRESSURES 


This  report  presents  the  results  of  firings  made  with  12- 
degree  40-minute  total-angle  cones  to  determine  their  free- 
flight  characteristics  at  hypersonic  velocities  and  at 
several  range  pressures.  The  firings  were  conducted  in  the 
Pressurized  Ballistics  Range  at  the  Naval  Ordnance  Laboratory. 
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INTRODUCTION 

Cone  firings  were  conducted  in  the  Pressurized  Ballistics 
Range  at  the  Naval  Ordnance  Laboratory  to  determine  drag  and 
stability  characteristics  at  several  Reynolds  numbers  and  at 
a  hypersonic  velocity. 


MODEL  DETAILS 

With  the  exception  of  one  round,  the  cones  were  all  one 
size  as  illustrated  in  figure  1„  This  one  cone  was  round 
number  4339  and  was  twice  the  size  of  the  other  cones.  Drag 
only  was  obtained  from  this  round  because  of  the  insufficient 
number  of  stations  for  a  stability  reduction.  The  drag  coeffi¬ 
cient  agreed  favorably  with  those  obtained  with  the  smaller 
models.  The  physical  dimensions  of  the  cones  are  listed  in 
Table  I. 


FIG.  i  CONE  CONFIGURATIONS 
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TABLE  I 

PHYSICAL  DIMENSIONS  OF  AERONUTRONI CS  CONES 


Base  Dia. 

Length 

cgb 

Weight 

Ib  2 

Round  No . 

(in. ) 

(in. ) 

(in. ) 

( gins . ) 

(gm.-in.  ) 

Pointed 

Cones 

4296 

.  222 

.987 

.387 

1.4375 

.068 

42S9 

.223 

.996 

.390 

1.4296 

.068 

4302 

.  223 

.993 

.390 

1.4277 

.  C67 

4307 

.223 

.999 

.386 

1.4074 

.067 

4309 

.222 

.994 

.395 

1.4395 

.068 

4322 

.223 

1.004 

.394 

1.4500 

.071 

4323 

.222 

.998 

.394 

1.4126 

.068 

4335 

.222 

.989 

.394 

1.4422 

.069 

4336 

.223 

.994 

,393 

1.4080 

.068 

4337 

.223 

1.000 

.395 

1.4471 

.070 

4338 

.  222 

.985 

.389 

1,4381 

.067 

4339 

.452 

2.000 

.  720 

4.9660 

1.029 

4340 

.  223 

.992 

.390 

1.4203 

.067 

4399 

.224 

.999 

.400 

1.4025 

.070 

4400 

.  223 

1.002 

.401 

1.3626 

.070 

4401 

.  223 

1.001 

.400 

1.4086 

.071 

4402 

.  224 

1.001 

.402 

1.4040 

.072 

4404 

.223 

1.000 

.400 

1.4255 

.073 

4732 

.221 

.973 

.406 

1,5109 

.052 

Blunt  < 

Oones 

4388 

.  225 

.  731 

.369 

1. 3485 

.056 

4389 

.  224 

.730 

.370 

1.3512 

.056 

4390 

.  224 

.  730 

.370 

1.3251 

.055 

4392 

.  224 

.  732 

.374 

1. 3523 

.056 

4395 

.  224 

.  731 

.370 

1.3373 

.055 

4396 

.  225 

.  731 

,  370 

1.3284 

.055 

4397 

.224 

.731 

.370 

1. 3321 

.055 

4723 

.  222 

.731 

.373 

1. 1854 

.050 

4727 

.  222 

.  731 

.370 

1.1954 

.050 

4742 

.  222 

.  725 

.351 

1.4734 

.063 
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Except  for  the  rounds  fired  at  atmospheric  conditions, 
all  cones  had  tungsten  alloy  noses  which  were  silver  soldered 
to  hollow  titanium  alloy  afterbodies.  The  cones  launched  at 
atmospheric  conditions  were  manufactured  with  pure  tungsten 
noses  in  order  to  alleviate  the  ablation  problem  which  exists 
at  atmospheric  conditions  and  accompanying  high  Mach  numbers. 
Figure  2  shows  the  pointed  cone  with  its  sabot  used  to  launch 
it  from  a  1.25-inch  single-stage  light-gas  gun. 


FIG .  2  POINTED  CONE  WITH  ITS  SABOT,  BOTH  ASSEMBLED  AND  EXPLODED 
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DISCUSSION  AND  RESULTS 

The  dreg  and  stability  coefficients  were  obtained  using 
standard  data  reduction  techniques  as  described  in  refer¬ 
ence  (1) .  Table  II  lists  the  drag  and  stability  data  obtained 
for  the  blunt  cones,  and  Table  III  lists  the  data  obtained  for 
the  pointed  cones. 

TABLE  !! 

DRAG  AND  STABILITY  DATA  FOR  12° 40'  TOTAL  ANGLE  BLUNT  CONES 


tooM  So. 

4742 

4723 

4727 

436a 

4ie9 

4390 

4)97 

4396 

4392 

|  4  395 

t  t*m  *j) 

741.4 

760.1 

758.  2 

*9.  2 

91.0 

75.5 

72.9 

47.8 

!  "•* 

46  3 

n 

8.244 

7.712 

7.350 

9.308 

1  9.106 

9.  tai 

9.428 

9.433 

9.422 

3  642 

*«i  -  io*‘ 

3.35* 

3.1X1 

3.013 

0.500 

0.453 

0.  37* 

0.372 

1  0  244 

1 

0.  242 

0  24. 

s2  i<s»^.2j 

34 

40 

48 

33 

25 

120 

29 

83 

30 

*  5 

co 

0.1473 

0. 1594 

0.1573 

0.1661 

0.1590 

0.  2421 

0. 167) 

0.2.66 

0  1674 

3.  .47 

•*.  t. 

0.0001 

0.0002 

0.0002 

o.oocs 

0.0005 

0 . 0004 

0.3CO7 

0  0039 

0.0006 

0  CO  I 

cQo 

0.1246 

0. 1316 

0.1247 

0.1407 

0.1395 

0.1407 

0.1440 

0.  .477 

O  .442 

3  145 

t.  t.  yrv  (♦  ) 

1 

i 

2 

0.5 

3.3 

0.  2 

R.  X.  ^trvi  (_*  la.) 

1 

0.02 

0.01 

3  007 

0  336 

-0  0O9C 

-0.C119 

-0 .0122 

-0.0101 

-0.008 

-0.01)5 

-0 . 009 

-0.012** 

-0.30910 

•  r.  z. 

3.0034 

0.0002 

0.0001 

0.0002 

- 

o.ooo: 

• 

0.20C04 

2  ^  «Aij4 

W**9 

-0.7065 

-0.01C1 

-0.0 100 

-0. 0006 

1 

-0.CO7 

-0.0076 

-0.008 

-0.00811 

-0  :c>7) 

-0.051 

1 

-0.036 

-0  031 

-0  3  20 

I. 

o.oos 

0.004 

0.  201 

3  03  A 

-0.025 

-0.019 

1 

-0  3r2 

-3  316 

(O-CC)  «1. 

0.396 

0.  377 

0  380 

0  454 

cc>  (cal.) 

1.667 

! 

1.652 

;  644 

1.670 

cfB  (c*:. ) 

1.271 

*.275 

*  2*6 

.  *56 

t CF-CC) o  c*  1  - 

0.400 

0.400 

o  ;06 

3  433 

"»o 

1.26/ 

1  252 

*4  38 

*  .07 

/ 

0* 

0 

-6 

i. 

2 

2 
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TABIE  II! 

DRAG  AND  STABILITY  DATA  FOR  12°  40*  TOTAL  ANGLE  POINTED  CONES 


>wa3  «o. 

4732 

4337 

1  4275 

4K7  | 

4337 

|  4302 

4125 

41^2  | 

4277 

433* 

P  |*»  »?) 

7ss.a 

100.2 

77.7 

77.5 

♦7.5 

«  a 

*2.7 

BH 

77.1 

75.4 

M 

i.m 

7.133 

7.001 

*.204 

7.250 

3.037 

7.07* 

7.157 

5.125 

*.»  = 

4.1M 

0.4*4 

0.4*7 

0.4<>5 

1.401 

0.577 

C.557 

■WW 

0.527 

0.515 

S’3 

2.2 

3.4 

*5 

17 

20 

20 

55 

■gfl 

19 

57 

<0 

9.55523 

0.051 

0.125 

0.0*7 

0.0750 

0.124 

0.257 

0.075 

0.225 

♦p.  r* 

0.C0057 

0.004 

0.051 

t;r3 

0.003 

5.0005 

0.005 

0.057 

0.002 

0.002 

cao 

- 

0.077 

0.077 

B 9 

0.C75 

0.0717 

0.0*7 

- 

0.0*7 

0.0*5 

P.  Z.  /jv  (-  t*r;.  1 

0.3 

m 

C.5 

0.4 

?.  2.  *vcrr«  (•  i*J 

C.52 

0.02 

0.52 

-0.0C75 

-C.C10 

-0.011 

-9.CC5I3 

-0.0123 

-5.  508 

-©.on 

-0.007*5 

♦P.  C. 

O.COC1 

0.00007 

0.0002 

0.0C2 

5.0000* 

q^AS*^ 

-0.0075 

-0.019 

-0.010 

-0.00*74 

*0.0122 

-0.007 

-0.CO7 

-0.00727 

-0.03 

-0.02* 

-0.534 

ip.  r. 

0.01 

0.004 

0.003 

Cfcc*/**?- 

-0.03 

-0.035 

-0.934 

(CP-CG)  c«!. 

0.300 

5 

0.255 

0.272 

cc5 

1.S37 

I 

1.752 

c*3  <**1.1 

1.537 

1.4*0 

<CP-CG)v>  CAl. 

0.317 

0.273 

1.520 

1.477 

^  *  % 

-3  ! 

I 

1 

-13 

3 

1 

1  * 

! 

5 

ftound  no. 

4377 

4323  | 

4309  | 

4401 

4490  j 

4335  | 

4402 

4494 

4540 

r  (x»  a?) 

55.9 

63.5 

63.2 

62.4 

55.2  | 

50.7 

37  7 

35.7 

32.5 

JC 

8.971 

8.642 

7.038 

7.131 

9.135 

7.178 

7.194 

8.758 

M  x  10'6 

0.437 

0.323 

0.413 

0.377 

0.343 

9.  255 

0.27* 

0.218 

r1 

155 

1166 

mm 

48 

u>  -  1 

87 

»  i 

>14 

540 

co 

0.2298 

1.364 

0.15 

0.1196 

ngi 

0.150 

m 

0.18) 

0.75 

*T.  *. 

0.00&6 

0.007 

0.01 

0.0004 

1 

0.094 

0.004 

0.02 

C*o 

- 

- 

0.10 

0.0862 

I 

9.096 

mmm 

0.103 

- 

P.  t.  y«w  <1*9.1 

0.3 

1.6 

0.2 

Hi 

m 

2.  T.  irftrv*  (_♦  in J 

0.01 

i 

0.007 

0.01 

0.008 

-0.01158 

-0.0134 

-0.012 

-0.01040 

-C. 01249 

-0.011 

-0.0117 

-0.011 

-0.014 

♦  P.  2. 

0.00002 

0.0001 

0.00003 

0.00003 

O.COOl 

-0.01002 

- 

-O.Oli 

-0.00992 

-0.01132 

-0.010 

-0.0112 

-0.010 

1  -C.0369 

-0.033 

-0.037 

-0.032 

♦  P.  E 

P.00C8 

0.091 

0.001 

0. 091 

ckQo/^®°  ■ 

-0.0316 

-0.031 

-0.033 

-0.03c 

(CP'CC)  Cji 

0.313 

0.316 

C.  340 

0.366 

CC3  (C4l.) 

1.780 

1.794 

1.798 

1.795 

CPr 

1.473 

1.478 

1.4S8 

1.429 

(CP-CCIo  <  *1 

0.317 

0.  3/0 

0.  343 

0.  373 

CPBo  > 

1.467 

| 

1 

1.474 

t.<}5 

1.4/2 

s  •  c«. 

-8 

-7 

-7 

♦  P.  K. 

1 

_  _  J 

2 

2 
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T.ie  drag  coefficients  and  the  slopes  of  the  pitching- 
moment  and  normal-force  coefficients  were  corrected  to  zero 
yaw.  The  equations  used  are  as  follows: 

CDo  =  CD  ~kD*2 

c*ao  =  c^a  _kK^  2»  and 

cKao  *  c«a  -kK‘- 2 

where  the  slope  kj)  was  determined  using  data  from  a  number  of 
rounds  launched  at  approximately  the  same  conditions,  and  the 
slopes  kj4  and  kn  were  determined  using  all  rounds  regardless 
of  pressure.  No  trend  of  the  slope  of  the  dynamic  stability 
coefficient  with  mean-squared  yaw  could  be  observed,  and 
therefore,  this  coefficient  was  not  corrected  to  zero  yaw. 


Figure  3  is  a  plot  of  the  zero-yaw  drag  coefficient  as 
a  function  of  Reynolds  number.  The  piot  shows  a  decrease  in 


3 

l 


F!G.  3  ZERO  YAW  DRAG  COEFFICIENT  AS  A  FUNCTION 
OF  REYNOLDS  NUMBER 
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the  drag  coefficient  with  an  increase  in  Reynolds  number  for 
both  cones  investigated  at  the  Mach  numbers  at  which  the 
program  was  conducted.  Within  the  probable  error  of  the  coef¬ 
ficient,  no  effect  of  Reynolds  number  on  the  slopes  of  the 
pitching- moment  and  normal- force  coefficients  was  observed. 
Therefore,  no  movement  of  the  center  of  pressure  with  varying 
Reynolds  number  occurred  at  the  conditions  investigated.  These 
conditions  were  for  laminar-boundary  layer  flow  only.  Figures 
4,  5,  and  6, respectively,  show  the  slopes  of  the  pitching-moment 
and  normal-force  coefficients  and  center  of  pressure  as  a 
function  of  Reynolds  number. 


- 

O  SUMT  CONE 

A  POINTEu  CCN 

M  =  7.39  -  9.-3 

£  a<  =  3.2  >  -  9.24 

A 

- 

A  A  A 

A  A  AA 

Q  O  ° 

i  A 

<*>  A 

r 

; 

- 

* 

o 

A 

FIG.  4  SLOPE  OF  THE  PITCHING  MOMENT  COEF 
zero  ya.v  as  a  function  of  reynol 


CP  (INCHES) 
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FIG  6  '.ERO  YAW  CENTER  OF  PRESSURE  LOCATION  AS  A 
FUNCTION  OF  REYNOLDS  NUMBER 


Figures  7(a)  through  7(1)  include  a  set  of  representative 
shadowgraph  prints  of  both  cone  configurations  at  all  of  the 
pressures  investigated. 
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SHOT  NO.  4732,  STATION 
Rs  -  3.027,  M  -  9.263 


s.N3  ,  io= 


ATM.  » 
TUNGsl 


TUNGSTEN  NOSE 
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(g)  SHOT  NO.  4742,  STATION  i3V 
Rn  Rg  -  0.297,  M  ^  8.244 

P  -  I  ATM,  8  3.354  x  I06 

H 

HEVIMET  NOSE 


0i)  SHOT  NO.  4723,  STATION  16V 
RN/RB  =  0.297,  M  -  7.630 


P  =  1  ATM,  R 


HEVIMET  NOSE 


3.181  x  106 


(i)  SHOT  NO.  4402,  STATION  21V 

Rk,  /R„  =  0.027,  M  =  9.198 
No 

P  -  37.7  mm  Hg,  R  -  0.255  x  106 
HEVIMET  NOSE 


FIG.  7  CONTINUED 
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i\)  SHOT  NO.  4350,  STATION  24V 
aN  /  R5  0.2^7,  W  *>.  m 
?  -  75.5mmH3#  *  0.372  x  \0h 

7 

HEVIVcT  NOSE 


lU  SHOT  NO  4307,  STATION  7V 
0.002“  NOSE  FLAT  DIA.,  M  3.226 
P  98.5  mm  Hg,  R*  -  0.605  x  106 
HEVIMET  NOSE 


<l)  SHOT  NO.  43S9,  STATION  I IV 
Rn  k6  0,29/,  M  *.2*9 
P  -  91.0  rvtHg,  R  0  4^3  -  ICT6 

7 

hlvimlt  nose 


FIG.  7  CONTINUED 
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